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Devwudfw
Wklv sdshu hvwlpdwhv wkh lpsolhg vwrfkdvwlf surfhvv ri wkh yrodwlolw| ri wkh Vzlvv pdunhw lqgh{
+VPL, iurp wkh sulfhv ri rswlrqv zulwwhq rq lw1 D JDUFK+4/4, prgho lv vkrzq wr eh d jrrg
sdudphwhul}dwlrq ri wkh surfhvv1 Wkhq/ xvlqj wkh JDUFK rswlrq sulflqj prgho ri Gxdq +4<<4,/
wkh lpsolhg yrodwlolw| surfhvv lv hvwlpdwhg e| d vlpxodwlrq plqlpl}dwlrq phwkrg iurp rswlrq sulfh
gdwd1 Zh ?qg wkh shuvlvwhqfh ri yrodwlolw| vkrfnv lpsolhg e| rswlrqv rq wkh VPL wr eh yhu| forvh wr
wkdw hvwlpdwhg iurp klvwrulfdo gdwd rq wkh lqgh{ lwvhoi1 Frpsdulqj wkh shuirupdqfhv ri wkh lpsolhg
JDUFK rswlrq sulflqj prgho wr wkdw ri wkh Eodfn dqg Vfkrohv prgho lw dsshduv wkdw wkh ryhudoo
sulflqj shuirupdqfh ri wkh iruphu lv vxshulru1 Krzhyhu wkh odujh vdpsoh vwdqgdug ghyldwlrqv ri wkh
rxw0ri0vdpsoh sulflqj huuruv vxjjhvw wkdw wklv uhvxow vkrxog eh wdnhq zlwk fdxwlrq1
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4 Lqwurgxfwlrq
D fhqwudo k|srwkhvlv lq wkh ghulydwlrq ri wkh Eodfn dqg Vfkrohv +4<:6, rswlrq sulflqj prgho lv wkdw
wkh uhwxuqv rq wkh xqghuo|lqj dvvhw duh orjqrupdoo| glvwulexwhg zlwk d phdq dqg yrodwlolw| wkdw duh
frqvwdqw wkurxjk wlph1 Krzhyhu/ lw kdv ehhq zlgho| uhfrjql}hg vlqfh Pdqghoeurw +4<96/ 4<9:, dqg
Idpd +4<98, wkdw dvvhw uhwxuqv srvvhvv erwk idw0wdlohg glvwulexwlrqv dqg wkdw vtxduhg uhwxuqv dsshdu
wr foxvwhu1 Wkhvh fkdudfwhulvwlfv duh lqwhusuhwhg dv hylghqfh ri wkh vwrfkdvwlf yrodwlolw| ri ?qdqfldo
dvvhwv1 Wkh dvvxpswlrq ri frqvwdqw yrodwlolw| kdv vlqfh ehhq uhod{hg e| qxphurxv dxwkruv1 Iru
h{dpsoh/ Phuwrq +4<:9, h{dplqhv wkh fdvh ri d ?qdqfldo dvvhw zkrvh sulfh iroorzv d pl{hg mxps0
gl>xvlrq surfhvv1 Kxoo dqg Zklwh +4<;:, sursrvh d pruh jhqhudo vwrfkdvwlf yrodwlolw| prgho lq zklfk
wkh sulfh ri wkh xqghuo|lqj dvvhw dqg lwv yduldqfh iroorz lqghshqghqw gl>xvlrq surfhvvhv1 Uxelqvwhlq*v
+4<;6, prgho srvwxodwhv d srvlwlyh uhodwlrq ehwzhhq wkh sulfh ri wkh dvvhw dqg lwv yduldqfh1 Frqyhuvho|/
wkh FHYprgho +Frqvwdqw Hodvwlflw| ri Yduldqfh, ri Fr{ dqg Urvv +4<:9, dvvxphv wkdw wkh yduldqfh ri
wkh vwrfn lv qhjdwlyho| uhodwhg wr wkh hyroxwlrq ri lwv sulfh1 Ilqdoo|/ ryhu wkh odvw ?iwhhq |hduv DUFK
+Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw|, prghov kdyh ehhq zlgho| dssolhg lq wkh ?qdqfldo
olwhudwxuh dqg vshfl?fdoo| lq wkh rswlrq olwhudwxuh1 Zh rzh wkh DUFK prgho wr Hqjoh +4<;5, dqg lwv
jhqhudol}hg yhuvlrq fdoohg JDUFK wr Eroohuvohy +4<;9,1 Wkhvh prghov dvvxph frqglwlrqdoo| qrupdoo|
glvwulexwhg uhwxuqv zlwk d wlph0ydu|lqj frqglwlrqdo yduldqfh/ dqg dsshdu wr uhfrqfloh wkh vw|ol}hg idfwv
ri ?qdqfldo wlph vhulhv ehwwhu wkdq pruh 3fodvvlf4 wlph vhulhv prghov +vxfk dv DUPD prghov,1 Wkh
lqlwldo vxffhvv ri DUFK prghov lq fdswxulqj wkhvh qrqolqhdulwlhv lq wkh ?qdqfldo vhulhv kdv ohg wr
pdq| h{whqvlrqv ri wkh ruljlqdo prgho14 Dw wkh vdph wlph zh zlwqhvv d uhzulwlqj ri wkh hfrqrplf
prghov/ vxfk dv rswlrq sulflqj prghov/ wr lqfrusrudwh wklv surjuhvv1 Wkh JDUFK rswlrq sulflqj
4Vhh wkh h{fhoohqw uhylhzv e| Eroohuvohy/ Fkrx dqg Nurqhu +4<<5, dqg Sdjdq +4<<6, iru ixuwkhu glvfxvvlrq1
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prgho e| Gxdq +4<<4,/ wkdw zh xvh lq wklv sdshu/ lv dq h{dpsoh ri wklv1
Yrodwlolw| dqg lwv phdvxuhphqw duh wkxv ri juhdw lpsruwdqfh lq ?qdqfh dqg lq rswlrq sulflqj lq
sduwlfxodu1 Lq rswlrq sulflqj/ wzr phwkrgv duh qrz frpprqo| xvhg wr rewdlq d jrrg h{0dqwh phdvxuh
ri wkh yrodwlolw| ri uhwxuqv1 Wkh ?uvw phwkrg lv nqrzq dv wkh gluhfw phwkrg1 Rq wkh edvlv ri pdunhw
uhwxuqv d vwdwlvwlf vxfk dv wkh vwdqgdug ghyldwlrq lv fdofxodwhg dqg lv wkhq xvhg dv d iruhfdvw iru wkh
ixwxuh yrodwlolw|1 Wkh lqgluhfw phwkrg frqvlvwv lq xvlqj wkh sulfhv ri wkh frqwlqjhqw dvvhwv wr h{wudfw
d phdvxuh ri wkh yrodwlolw|1 Odwdqh dqg Uhqgohpdq +4<:9, zhuh wkh ?uvw wr sursrvh wklv dssurdfk
edvhg rq wkh Eodfn dqg Vfkrohv rswlrq sulflqj irupxod1 Wkh lghd lv wr vroyh wkh sulflqj irupxod iru
wkh lpsolhg yrodwlolw| jlyhq e| wkh pdunhw sulfh ri wkh frqwlqjhqw dvvhw1
Lq wklv sdshu/ zh h{dplqh d vhulhv ri gdlo| uhwxuqv rq wkh Vzlvv Pdunhw Lqgh{ +VPL,/ zklfk lv d
frqwlqxrxvo| frpsxwhg vwrfn pdunhw lqgh{ wkdw lv pdunhw ydoxh zhljkwhg dqg frqwdlqv wkh 56 vwrfnv
zlwk wkh odujhvw pdunhw ydoxhv/ dqg d vhulhv ri fdoo dqg sxw rswlrqv rq wklv lqgh{ zklfk zhuh wudghg
rq wkh VRIIH[ +Vzlvv Rswlrqv dqg Ilqdqfldo Ixwxuhv H{fkdqjh,1 Wkh Vzlvv ?qdqfldo pdunhwv gl>hu
lq ydulrxv zd|v iurp wkh XV pdunhwv rq zklfk prvw ri wkh vwxglhv lq dssolhg ?qdqfh duh frqgxfwhg1
Dvlgh iurp wkh reylrxv gl>huhqfh lq vl}h/ wkh Vzlvv vwrfn pdunhw lv kljko| frqfhqwudwhg dqg lwv ghjuhh
ri wudglqj dfwlylw| lv vhyhuho| vhjphqwhg e| ?up vl}h dv zhoo dv e| rzqhuvkls vwuxfwxuh15 Wkh Vzlvv
vwrfn pdunhw lv dovr uhodwlyho| |rxqj/ iru h{dpsoh/ wkh VPL zdv qrw frpsxwhg sulru wr Mxo| 4<;;1
Wkh Vzlvv rswlrqv pdunhw lv dovr yhu| uhfhqw1 Wkh VRIIH[ vwduwhg wudglqj Dphulfdq fdoo dqg sxw
rswlrqv rq 44 lqglylgxdo eoxh fkls vwrfnv rq Pd| 4</ 4<;;1 Frqwudu| wr wkh XV h{shulhqfh/ rswlrqv
rq wkh lqgh{ ^zklfk duh frqvlghuhg dv pruh frpsoh{ lqvwuxphqwv wkdq lqgh{ ixwxuhv 0 hvshfldoo| li
wkh| duh Dphulfdq` zhuh odxqfkhg ?uvw rq Ghfhpehu :/ 4<;;/ iroorzhg e| VPL ixwxuhv rq Qryhpehu
</ 4<<31 D wklq lqlwldo wudglqj dfwlylw| dqg luudwlrqdo hduo| h{huflvh srolflhv ohg wkh VRIIH[ wr
5Euxdqg dqg Jlevrq +4<<8, uhsruw wkdw lq Mxo| 4<<8/ iru h{dpsoh/ wkh 43 odujhvw frpsdqlhv dffrxqwhg iru pruh
wkdq 93( ri lwv wrwdo fdslwdol}dwlrq1 Wkh| dovr vwuhvv wkh idfw wkdw iru odujh/ jhqxlqho| sxeolf/ frpsdqlhv/ elg dqg dvn
vsuhdgv uhsuhvhqw ohvv wkdq 318( ri wkh vwrfn*v elg sulfh zkloh wkh| uhdfk 6 wr 7( ri wkh elg sulfh lq vpdoo frusrudwlrqv/
dqg wkdw lw lv qrw xqfrpprq/ iru vrph vpdoo ?upv* vwrfnv/ wr revhuyh rqo| rqh wudqvdfwlrq shu zhhn1
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frqyhuw wkh rswlrqv rq wkh VPL wr wkh Hxurshdq ydulhw| gxulqj wkh vhfrqg kdoi ri 4<<31 Zh vkrz
wkdw d JDUFK+4/4, prgho lv d jrrg uhsuhvhqwdwlrq iru wkh gdlo| uhwxuq vhulhv1 Lq uhjdug wr uhvxowv
rewdlqhg rq rwkhu pdunhwv/ qrwdeo| wkh XV vwrfn pdunhw/ rxu hvwlpdwlrqv ri wkh yrodwlolw| e| wkh
gluhfw phwkrg uh hfw d orz shuvlvwhqfh ri vkrfnv rq wkh yduldqfh ri uhwxuqv rq wkh VPL1 Zh dovr dsso|
wkh lqgluhfw phwkrg/ lq wkh iudphzrun ri Gxdq*v +4<<4, JDUFK rswlrq sulflqj prgho/ wr rswlrqv
zulwwhq rq wkh VPL1 Wkh lpsolhg yrodwlolw| prgho wkdw uhvxowv fdq wkhq eh xvhg wr whvw wkh ydolglw| ri
d JDUFK vshfl?fdwlrq dqg wr hydoxdwh Hxurshdq rswlrqv1 Gxdq*v JDUFK rswlrq sulflqj irupxod
grhv qrw doorz iru dq dqdo|wlfdo vroxwlrq> wkhuhiruh/ zh xvh vlpxodwhg rswlrq sulfhv wr rewdlq dq
hvwlpdwh ri wkh sdudphwhuv ri wkh lpsolhg yrodwlolw| surfhvv1 Wkh lpsolhg JDUFK prgho lv wkh rqh
zkrvh sdudphwhuv plqlpl}h d orvv ixqfwlrq wkdw phdvxuhv wkh glvwdqfh ehwzhhq wkh vlpxodwhg sulfhv
dqg wkh revhuyhg pdunhw sulfhv1 Wkh lpsolhg yrodwlolw| surfhvv zh rewdlq vxjjhvwv d shuvlvwhqfh lq
yduldqfh vlplodu wr wkdw rewdlqhg e| wkh gluhfw phwkrg1 Ilqdoo|/ frpsdulqj wkh rxw0ri0vdpsoh sulflqj
huuruv ri wkh lpsolhg JDUFK prgho wr wkrvh ri wkh Eodfn dqg Vfkrohv prgho/ lw dsshduv wkdw wkh
iruphu lv vxshulru lq hydoxdwlqj rswlrqv rq wkh VPL1 Krzhyhu/ wkh odujh vdpsoh vwdqgdug ghyldwlrqv
ri wkh rxw0ri0vdpsoh sulflqj huuruv vxjjhvw wkdw wklv uhvxow vkrxog eh wdnhq zlwk vrph fdxwlrq1
Wkh vwxg| zh frqgxfw lq wklv sdshu lv vlplodu wr wkdw e| Hqjoh dqg Pxvwdid +4<<5, rq wkh V)S833
lqgh{1 Wkhlu uhvxowv vkrz wkdw d JDUFK vshfl?fdwlrq lv qrw vxshulru lq jhqhudo wr wkdw ri wkh Eodfn
dqg Vfkrohv prgho1 Krzhyhu/ wkh| dgyrfdwh wkdw iru orqj0olyhg rswlrqv wkhlu prgho surylghv ehwwhu
sulflqj1 Frqfhuqlqj wkh Vzlvv pdunhw/ Fkhvqh|/ Jlevrq dqg Orxehujì +4<<6/ 4<<7, vkrz wkdw wkh
Eodfn dqg Vfkrohv/ FHY dqg vwrfkdvwlf yrodwlolw| prghov duh lqdghtxdwh iru d vdwlvidfwru| sulflqj
ri Hxurshdq rswlrqv rq wkh VPL1 Dgmdrxwh +4<<6, rewdlqv vlplodu uhvxowv iru rswlrqv rq lqglylgxdo
Vzlvv vwrfnv1
Wkh uhvw ri wklv sdshu ehjlqv lq Vhfwlrq 5 zlwk d eulhi suhvhqwdwlrq ri DUFK prghov1 Zh gh?qh
wkh frqfhsw ri shuvlvwhqfh lq yduldqfh dqg frqvlghu wkh hvwlpdwlrq ri wkhvh prghov1 Zh suhvhqw wkh
JDUFK rswlrq sulflqj prgho ri Gxdq lq Vhfwlrq 61 Vhfwlrq 7 frqwdlqv wkh hpslulfdo dssolfdwlrq ri
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